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ABSTRACT
The sample of known star clusters, the fundamental building blocks of galaxies, in the
Milky Way is still extremely incomplete for objects beyond a distance of 1 – 2 kpc. Many
of the more distant and young clusters are compact and hidden behind large amounts of ex-
tinction. We thus utilised the deep high resolution near infrared surveys UGPS and VVV to
uncover so far unknown compact clusters and to analyse their properties.
Images of all objects in the area covered by these two surveys, and which are listed as
Galaxy in SIMBAD have been inspected and 125 so far unknown stellar clusters and candidate
clusters have been identified. Based on the frequent associations with star formation indicators
(nebulosities, IRAS sources, HII regions, masers) we find that the typical cluster in our sample
is young, at distances between 1 – 10 kpc and has a typical apparent radius of 25′′. We suggest
more systematic searches e.g. at all positions of 2MASS extended sources to increase the
completeness of the known cluster sample beyond distances of 2 kpc.
Key words: Galaxy: open clusters and associations: general; galaxies: star clusters: general;
Galaxy: evolution; Galaxy: general; Galaxy: structure
1 INTRODUCTION
The vast majority of stars form in clusters (Lada & Lada 2003),
and most of these clusters dissolve on timescales of 10s of Myrs
(Goodwin & Bastian 2006) to form the field star population. Thus,
star clusters are the building blocks of galaxies and their study is
intimately linked to understanding star formation and in particular
the formation of more massive stars which are almost exclusively
formed in clusters (Gvaramadze et al. 2012), with potential excep-
tions such as discussed e.g. in Oey et al. (2013).
Establishing large and complete cluster samples is vital if we
for example want to understand the details of the cluster destruc-
tion/dissolution processes. In particular the study of the impact of
tidal forces from the galactic potential, requires well characterised
and bias free samples of clusters at a range of galactocentric radii.
The current most complete lists of clusters and their properties con-
tain a few thousand objects (e.g. about 2200 in the up to date online
version1 of Dias et al. (2002) and about 3000 in Kharchenko et al.
(2013), plus a few hundred more in the additions by Schmeja et al.
(2014) and Scholz et al. (2015). The latter paper also finds that our
sample of known clusters is only complete to a distance of 1.8 kpc
from the Sun, with still many old clusters missing at even shorter
distances (Schmeja et al. 2014) and basically no clusters are known
at distances further away than 5 kpc - see Fig. 7 in Schmeja et al.
(2014). Kharchenko et al. (2013) also show that the projected sur-
face number density of clusters at the position of the Sun is about
? E-mail: df@star.kent.ac.uk
1 http://www.wilton.unifei.edu.br/ocdb/
130 clusters per square kiloparsec in the disk. This implies that
there should be of the order of 2 – 3×104 clusters in the Milky Way.
Hence, only about 10 % of all clusters are currently catalogued and
an even smaller fraction has its parameters determined accurately.
Many of the more distant undiscovered clusters are young
and thus potentially associated with large amounts of extinction
and projected against the Galactic plane. Furthermore, with typi-
cal sizes of about one parsec, these clusters will be of an apparent
angular size of less than one arcminute for distances of about 3 kpc
or higher. Hence, to discover and potentially analyse clusters miss-
ing in our current sample, deep high resolution infrared surveys are
going to be of importance. Extensive searches in 2MASS (Skrut-
skie et al. 2006) have already uncovered a huge new population of
new clusters and candidates (e.g. Dutra et al. (2003), Bica et al.
(2003), Froebrich et al. (2007), Glushkova et al. (2010)). But the
new deeper and higher resolution surveys such as UGPS (Lucas
et al. 2008) and VISTA VVV (Minniti et al. 2010) will be able to
uncover so far unrecognised objects which are more compact and
fainter. Some searches for new clusters in these surveys have al-
ready been done (e.g. Solin et al. (2012), Borissova et al. (2011),
Lucas et al. (2017) in prep.). However, many compact objects might
have been overlooked. We thus aim to search these surveys at the
positions of known extended, but potentially miss-classified objects
and characterise them.
Our paper is structured as follows: The target selection and
data analysis procedures are explained in Sect. 2. We present the
newly discovered clusters and cluster candidates and their proper-
ties in Sect. 3.
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2 DATA ANALYSIS
2.1 Target Selection
The fact that a large fraction clusters at distances above about 2 kpc
has not yet been discovered, is to some extent, but not entirely due
to extinction in the Galactic plane and the large number of fore-
ground and background stars in low latitude fields. One additional
problem is spatial resolution. Assuming a typical cluster size of
0.5 pc, then at 5 kpc the cluster would appear only to have an ex-
tend of 20′′. Thus, even if there are many bright, detectable mem-
bers, typical surveys such as 2MASS are not able to resolve all of
the stars into individual point sources and the cluster will only be
detected as an extended object instead. This is in particular true
for young, embedded clusters which are typically also surrounded
by reflection/emission nebulae. As young clusters constitute the
majority of all clusters in the Galaxy (e.g. Lada & Lada (2003),
Buckner & Froebrich (2014)), a large fraction of them might be
detectable even in 2MASS but only as extended sources, which in
many cases might have been classified (wrongly) as potential galax-
ies.
Hence, in order to identify potentially miss-classified star clus-
ters, we used the SIMBAD2 database. We extracted all objects from
SIMBAD that were listed as Galaxy (otype = ’G’). We planed
to analyse the NIR data from the deep high resolution UGPS and
VISTA VVV surveys for these objects to establish their true nature.
Thus, we limited the selection to objects with a K-band detection
(i.e. Kmag < 20.0) in SIMBAD. This ensures we do not select
extended objects only detected at mid or far-infrared wavelengths,
but most likely sources with even an extended 2MASS source coun-
terpart. Note that the limiting magnitude for extended sources in
2MASS is about K = 14 mag (Jarrett et al. 2000).
We also limited the search in SIMBAD to regions overlapping
the UGPS and VVV survey fields. The borders of the surveys where
chosen as listed below. Please note that the UGPS has its images
orientated along the RA/DEC coordinates, while the VVV data has
an image orientation along the Galactic coordinate system. Thus,
the applied restrictions for UGPS (especially in latitude) are not
the exact survey limits.
• For UGPS: |b| < 2◦ and 359◦ < l < 15◦
• For UGPS: |b| < 5◦ and 15◦ < l < 107◦
• For UGPS: |b| < 5◦ and 141◦ < l < 230◦
• For VVV: |b| < 2◦ and 295◦ < l < 350◦ (disk)
• For VVV: −10◦ < b < 5◦ and 350◦ < l < 10◦ (bulge)
Thus, our selection covers a total area that we searched for
potential miss-identified star clusters of about 1874 square degrees
in UGPS and 520 square degrees in VVV. There is some overlap
of 44 square degrees between UGPS and VVV near the Galactic
Centre, where both surveys have available data. Thus, the total area
surveyed is 2350 square degrees.
In total we find 4387 objects which pass our selection crite-
ria, i.e. are listed as Galaxy in SIMBAD, have a detected K-band
counterpart of at least 20th magnitude and are within the UGPS or
VVV footprint.
2 http://simbad.u-strasbg.fr/simbad/
2.2 NIR data
To investigate the high resolution UGPS and VVV images of the
above selected 4387 objects in detail we have used the WSA3 and
VSA4 databases to extract JHK(s) images for each target. We ex-
tracted image cutouts with a size of 3′×3′ around each object. For
some targets no images or not all three images were available. This
can be caused by the object either being close to the survey bound-
ary (which is not straight) or some images are not (yet) included in
the latest available data release due to not passing quality thresh-
olds. Note that we used DR10 of the UGPS and DR4 for the VVV
data.
In total 3409 (77.7 %) of our targets have all three NIR images
available in either UGPS or VVV. We have combined these images
into JHK(s) colour composites and visually inspected all of them
to select all objects that could be real star clusters. For each target
the colour composite images have been looked at in various zoom
levels as well as different contrast settings to ensure all potential
star clusters can be identified.
2.3 Star Cluster Identification
From all the JHK images we selected every object that visually
could either be identified as a group or cluster of stars or a nebulous
young stellar object. In other words we removed all the obvious
galaxies from the target list. An investigation of the properties of all
these galaxies as well as potential new galaxy clusters is planned,
but outside the scope of this paper. Other objects we removed were
clearly associated with extended emission from edges of HII re-
gions and not stellar clusters. We also removed double entries, i.e.
objects that had two entries as Galaxy in SIMBAD very close to
each other, in the same cluster. Finally, all remaining objects where
checked if they have an entry as a known star cluster in SIMBAD.
The above process resulted in the following:
• There are 125 candidates for so far unknown/unpublished
groups or clusters of (mostly) young stars;
• There are 19 objects that are known cluster candidates; There
are 84 known star clusters which are not analysed any further in
this paper;
• There is one object that cannot be reliably identified as either a
star cluster candidate or background galaxy (see discussion below).
Images of all the new star cluster candidate objects have been
inspected a second time in detail to determine some of the clus-
ter properties. We manually estimated the central position of the
cluster, as well as its apparent radius (RCl) and also approximately
counted manually the apparent number of stars visible in the NIR
images that seem to belong to the cluster.
Based on this inspection, we further divided the sample of 125
objects into clear cluster candidates (star clusters, hereafter), with
an obvious overdensity of NIR detectable stars and less clear cluster
candidate objects (candidate clusters hereafter). The latter mostly
encompasses very nebulous objects and small/less populous groups
of young stars. This split has resulted in 77 new clusters and 48
cluster candidates. Similarly to the new clusters, we also classified
the 19 known cluster candidates. In total 16 of these we judge to be
clusters, the remaining 3 fall into the candidate cluster category.
Finally, all the 125 candidate objects, as well as the 19 known
3 http://wsa.roe.ac.uk//index.html
4 http://horus.roe.ac.uk/vsa/index.html
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Figure 1. Distribution along the Galactic plane of all new clusters and candidate objects. The symbols indicate the following: black circles - new clusters;
black square - confirmed clusters; red circle - new cluster candidates; red squares - confirmed cluster candidates; green triangle - unknown object; The area
outlined by the black solid line indicated the VVV survey coverage, the area outlined by the blue dashed line indicates the UGPS coverage.
cluster candidates have been checked if they are associated with
an HII region or a maser, and if the NIR images show a detectable
nebulosity. We also cross-matched all objects with IRAS and MSX
sources and in particular objects in the Red MSX Source (RMS)
survey (Lumsden et al. 2013) database5. The latter objects have
in most cases a known distance determined from radial velocities
(Urquhart et al. 2014), which we have extracted. We list all the
properties of the objects in Table A1 in the Appendix. Note that of
the 125 candidate objects 26 have been previously discovered in
UGPS data by an alternative search method, and will be published
in Lucas et al. (2017, in prep.). These are 24 of our 77 new clusters
and 2 of our 48 new cluster candidates. We refrain from listing
the properties of these objects in Table A1 and also do not show
their images in Tables B1 and B2 as they will be presented in Lucas
et al. (2017, in prep.). They are, however, included in our general
analysis of their properties in Sect. 3 and are shown in Fig. 1.
2.4 Photometry and Cluster Membership
To investigate the cluster candidates and their members in more de-
tail, we have downloaded the full point source catalogues within 5’
of each object from the WSA and VSA databases. We extract the
JHK(s) magnitudes (using AperMag3) as well as the pstar
parameter for each star and only include stars with pstar > 0.9
and detections in all three filters in our subsequent analysis. See
Lucas et al. (2008) and Minniti et al. (2010) for a detailed descrip-
tions of how the magnitudes are measured and the pstar value for
each star is determined.
For each cluster candidate we calculate the number of addi-
tional stars (NCl) within RCl compared to the surrounding area
(outside RCl, within 5’). This number gives a measure of how sig-
nificant an overdensity of stars the cluster represents compared to
the surrounding field i.e. estimates the number of NIR detectable
cluster members with reliable photometry. In regions of extended
large dark clouds and increased extinction these estimates can of
course be erroneous. Furthermore, even in these high resolution
surveys, many stars are not resolved and thus will not have a suffi-
ciently accurate brightness measurement to be included in the anal-
ysis. Especially in young and very embedded clusters, which make
5 http://rms.leeds.ac.uk/cgi-bin/public/RMS DATABASE.cgi
up a large fraction of our objects (see below), many stars are not
detected at the shorter (J-band) wavelengths. Thus, some clusters
even show a negative number of members compared to the back-
ground population despite a clear cluster being visible in the K-
band images (e.g. Cl 019, Cl 043 and in particular Cl 062).
We also investigated NIR colour-magnitude (J-K vs. K) dia-
grams (CMDs) and colour-colour (H-K vs J-H) diagrams (CCDs)
of stars in the cluster area compared to the control field around
them. However, due to the limited photometry available, and the
generally small number of stars, it has been proven impossible to
use well established photometric decontamination techniques (e.g.
following Bonatto & Bica (2007), Froebrich et al. (2010) or Buck-
ner & Froebrich (2014)) to reliably identify the most likely cluster
members in order to fit isochrones to these diagrams. As there is
basically nothing to be gained from these diagrams we refrain from
showing them. It might be possible with careful psf-photometry of
the UGPS/VVV images to improve the photometry, but this is be-
yond the scope of this paper.
3 RESULTS AND DISCUSSION
3.1 Distribution of New Clusters and Candidates
In total we have identified 77 new clusters, 53 of which are not
included in the list of Lucas et al. (2017, in prep.). The images
of these clusters are shown in Table B1 in Appendix B and all the
determined properties are listed in Table A1. We also identify 48
objects as candidate clusters or groups of stars, 46 of which are not
included in the list of Lucas et al. (2017, in prep.). The images of
these candidates are also shown in Table B2 in Appendix B and all
the properties are listed in Table A1.
We show the general distribution along the Galactic plane of
all the newly discovered objects in Fig. 1. The figure shows that
most of the newly discovered clusters are away from the Galactic
Centre. Only two of the new clusters are in the area covered by
VVV, the remainder are in the UGPS area. This can to some extend
be attributed to the density of SIMBAD objects classified as Galaxy
in the different fields. While the disk part of VVV has 0.6 ’G’ type
objects per square degree, the equivalent UGPS field has 1.0 such
objects per square degree and the UGPS field in the outer Galaxy
has 3.4 objects per square degree. The latter is certainly caused
c© 2011 RAS, MNRAS 000, 1–11
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Figure 2. Distribution of the apparent radii (left panel) and number of manually detected cluster members (right panel) of the clusters discovered in our
sample. The red histogram represents the newly discovered clusters, while the blue histogram also includes the new clusters identified amongst the known
cluster candidates. Both histograms include all objects, including the ones that are included in the list from Lucas et al. (2017, in prep.).
by the lower extinction and thus many more real galaxies in the
sample. The differences between the two UGPS and VVV inner
disk fields are very minor when considering the actual extend. The
number of new clusters and candidates found in the equivalent area
of the inner disk in UGPS is almost identical to the number found
in the VVV area. Hence, most of the new clusters are found more
than 60 degrees away from the Galactic Centre.
Amongst the known cluster candidates in our list (most are
from Solin et al. (2012), one from Ivanov et al. (2005) and one from
Camargo et al. (2015)), we identify 16 as real clusters. In case of the
remaining 3 objects no clear verdict can be reached from our data.
Thus, these objects remain cluster candidates. All their images are
shown in Table B3 in Appendix B and all the properties are listed in
Table A1. In particular object Cl 142, known as Camargo 442 (Ca-
margo et al. 2015), seems not to be a real cluster. Instead the JHK
images suggest that this is just extended nebulosity surrounding a
single star and not a cluster.
One of our objects (Cl 145) is of an unclear nature (see Fig. B4
in Appendix B). It is situated in a very crowded field near the Galac-
tic Centre. A detailed inspection of the JHK image seems to sug-
gest an increased number of fainter stars towards the centre as well
as nebulosity. On the other hand, it is not clearly identifiable as
a background galaxy. The 2MASS images of the globular cluster
FSR 1735 (Froebrich et al. 2007) appear somehow similar to this
object, hence there is still a possibility that this is a compact, dis-
tance rich cluster and not a background galaxy.
3.2 Properties of New Clusters and Candidates
The properties of all new clusters, new cluster candidates and
known candidates in our sample are summarised in Table A1. The
table is organised by object group (new clusters, new candidates,
etc.) and lists the object identifier, the coordinates (J2000 and galac-
tic), the cross identification IDs from IRAS and MSX, associa-
tions with known HII regions, masers and nebulosities (identified
in the JHK images), the distances obtained from associated RMS
sources, the apparent radii as well as the number of potential mem-
bers determined manually from the images and automatically from
the photometric catalogues.
Of all our objects, 88.3 % have an association with an IRAS
source. This percentage is basically identical for the new clusters
and the new cluster candidates. Similarly, 25.5 % of all objects are
associated with an MSX source with identical percentages for the
different groups.
The fraction of objects that are associated with star formation
indicators such as HII regions and masers are also investigated. In
total 27.6 % of objects are associated with HII regions and 10.3 %
with masers. There are slight differences in the percentages be-
tween the new clusters and the new candidates. While about 1/3
of the new clusters are associated with HII regions, only 1/5 of the
new cluster candidates have such an association. This could be due
to the fact the HII regions are indicators of slightly more massive
and evolved stars, thus increasing the likelihood of detecting more
stars in the JHK images and thus their classification as a new clus-
ter. We find that 1/10 of the new clusters and 1/6 of the new cluster
candidates have associations with known masers. As masers are
indicators of more embedded younger massive protostars, it is un-
derstandable that due to the increased extinction and younger age
of these objects it is more difficult to identify a sufficient number of
members in the JHK images to classify the objects as new clus-
ters.
In total 77.9 % of all objects are associated with detectable
nebulous NIR emission. Again, there is some variation of this frac-
tion between the new clusters (74.0 %) and the new cluster candi-
dates (87.5 %). Similarly to the association with HII regions and
masers, this difference can be explained by extinction. Increased
amounts of dust tend to lead to more detectable nebulosity and at
the same time decreased detectability of cluster members and thus,
more likely a classification of an object as cluster candidate.
We show the distribution of apparent radii measured for all
clusters (known candidates and new clusters) in the left panel of
Fig. 2. Most clusters have apparent radii between 10′′ and 45′′ with
a wide distribution. The median radius of the distribution is 23′′.
Thus, all the clusters are quite compact, caused by the selection
of the objects as miss-classified galaxies. Objects much more ex-
tended than this would most likely have been classified correctly as
clusters even with lower resolution 2MASS data. For comparison,
the MWSC list by Kharchenko et al. (2013), including the addi-
tions by Schmeja et al. (2014) and Scholz et al. (2015), does only
contain very few objects with a core radius of less than 36′′, and
c© 2011 RAS, MNRAS 000, 1–11
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no objects at all with an apparent radius smaller than 60′′. Given
the large number of compact clusters identified in this work, com-
pared to the small number of known objects in the current up to
date literature shows the potential for future discoveries in these
high resolution infrared surveys.
We display the distribution of the manually estimated cluster
members for all clusters (known candidates and new clusters) in the
right panel of Fig. 2. As to be expected there are significantly more
clusters with a smaller number of members. The median number
of manually detected members is 23 stars. The distribution of auto-
matically detected members in the clusters looks similar, just with a
smaller number of clusters in each bin. This is caused, as explained
in Sect. 2.4, by the fact that in regions with increased extinction the
automatic determination of the number of members fails, as back-
ground stars to the cluster are not detected in the cluster field.
As can be seen in Table A1, the range of distances for the clus-
ters with associations to RMS objects is very large. The distances
range from just above 1 kpc to slightly more than 10 kpc, with a me-
dian value of about 6 kpc. These clusters are hence typically much
further away than the objects listed in the MWSC list, which have
typical distances of 1.5 – 2.5 kpc. The typical distances combined
with the median apparent radius of the clusters, lead to a typical
radius of 0.7 pc for the clusters in our sample. However, only a
fraction of 18 % of the new clusters have a distance estimate. One
could try to fit isochrones to potential cluster members in order to
obtain further distance estimates for the remainder of the sample.
However, as discussed in Sect. 2.4, it has proven not possible to
do with the currently available pipeline aperture photometry from
UGPS/VVV. This is mostly caused by the compactness of the new
clusters and the in part high extinction, which prevents detection
and/or reliable photometry in the J-band.
4 CONCLUSIONS
In order to identify potentially undetected star cluster (candidates)
in the Galactic plane, we manually inspected images from the
UGPS and VVV surveys for all objects classified as ’Galaxy’ in
SIMBAD to identify miss-classified star clusters. A total of 4387
objects where initially selected and JHK images for 3409 of those
where available and investigated in detail in an area of 2350 square
degrees over both surveys.
Amongst the investigated objects we identified 125 so far un-
known cluster candidates, 19 known cluster candidates and 1 object
of unclear nature. We performed a detailed inspection of the so far
unknown objects and identified 77 new clusters and 48 cluster can-
didates. All but three of the already known cluster candidates can
be confirmed as clusters with the utilised higher resolution UGPS
and VVV data.
A large fraction of the newly identified clusters and candidates
are associated with star formation indicators. Overall, about 80 %
have detectable NIR nebulosities, about 90 % are associated with
IRAS sources, 25 % with MSX sources and HII regions and 10 %
with masers. We extracted the distances of the associated MSX
sources and find that they range from 1 to 10 kpc, with a median
of about 6 kpc. The typical apparent radius of the new clusters is
about 25′′ corresponding to about 0.7 pc at the typical distance.
Thus, our newly identified clusters are young, apparently compact
clusters at distances of several kiloparsec. Detailed cluster mem-
ber identification and isochrone fitting for the new objects cannot
be performed as the currently available photometry is not of suffi-
cient quality due to the compactness of the detected clusters. PSF
photometry of the original survey data might in future allow such
investigations.
The large number of new clusters detected by our search is
promising for future work. While the discovered objects are in no
way numerous enough to account for the incompleteness in our
cluster samples beyond about 1 – 2 kpc, they show that many of
these missing clusters can be discovered in the available datasets.
A more systematic search in UGPS/VVV, e.g. at all positions of
extended 2MASS sources or near groups of UGPS/VVV objects
with low pstar values, should reveal a substantial number of so
far uncatalogued clusters.
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APPENDIX B: CLUSTER IMAGES
B1 New Clusters
Table B1: Images of the newly detected clusters. We show JHK(s) colour composites from either UGPS or VVV (depending on the cluster
position). The image size is 1′× 1′, North is up, East is to the left. Images are displayed with two different contrasts to show the various
features. The comments column gives a brief description of the cluster and lists associated objects. The paper with the full Appendix is
available at http://astro.kent.ac.uk/∼df/papers.html
MHO Images Comments
B2 New Cluster Candidates
Table B2: As Fig. B1, but for the new cluster candidates.
MHO Images Comments
B3 Known Cluster Candidates
Table B3: As Fig. B1, but for the known cluster candidates.
MHO Images Comments
B4 Unknown Object
Table B4: As Fig. B1, but for the object that cannot be classified.
MHO Images Comments
c© 2011 RAS, MNRAS 000, 1–11
